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Abstract. Genetic markers were mapped in segregat- 
ing progeny from a cross between two soybean (Glycine 
max (L.) Merr.) cultivars: 'Minsoy' (PI 27.890) and 
'Noir 1' (PI 290.136). A genetic linkage map was con- 
structed (LOD ~> 3), consisting of 132 RFLP,  isozyme, 
morphological, and biochemical markers. The map 
defined 1550 cM of the soybean genome comprising 31 
linkage groups. An additional 24 polymorphic markers 
remained unlinked. A family of RFLP markers, identi- 
fied by a single probe (hybridizing to an interspersed 
repeated DNA sequence), extended the map, linking 
other markers and defining regions for which other 
markers were not available. 
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Introduction 

The development of restriction fragment length poly- 
morphism (RFLP) molecular markers (Botstein et al. 
1980) has facilitated the mapping of plant and animal 
genomes. In plants, the extensive genetic variation 
found with RFLP markers has led to the development 
of many comprehensive genetic linkage maps, includ- 
ing ones in maize (Helentjaris et al. 1986), tomato 
(Tanksley et al. 1987), lettuce (Landry et al. 1987), 
soybean [Glycine max (L.) Merrill] (Keim et al. 1990; 
Diers et al. 1992), and common bean (Phaseolus vul- 
9aris) (Vallejos et al. 1992). 

Prior to the use of RFLP markers, only 17 linkage 
groups had been identified in soybean, comprising 57 
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linked markers that covered approximately 420 centi- 
Morgans (cM) (Palmer and Kilen 1987). In contrast, 
Keim et al. (1990) constructed a genetic map that in- 
cluded 130 RFLP markers in 26 linkage groups that 
covered approximately 1200cM; this was later ex- 
panded to 252 markers in 31 linkage groups covering 
2147 cM (Diers et al. 1992). 

Genetic analysis of progeny from parents of similar 
phenotypes but different genotypes can uncover alter- 
native genetic solutions to the same agronomic prob- 
lem. For such an analysis, it is necessary to evaluate 
transgressively segregating progeny. We have crossed 
two soybean cultivars of similar phenotype, 'Minsoy' 
(PI 27.890) and 'Noir 1' (PI 290.136) whose progeny 
show a high degree of transgressive variation (Mansur 
et al. 1993a) thereby yielding many offspring that sur- 
pass either parent for various reproductive, mor- 
phological, and seed traits, as well as yield. 

In this paper, we present the genetic map obtained 
from this cross. In subsequent papers we analyze the 
segregation of quantitative traits in this cross (Mansur 
et al. 1993a) and the use of recombinant inbred lines to 
link quantitative traits to RFLP markers (Mansur 
et al. 1993b). 

Materials and methods 

An intraspecific cross of two soybean cultivars, 'Minsoy' (PI 
27.890) and 'Noir 1' (PI 290.136), was used for this mapping 
study. These cultivars have been shown to have a high frequency 
of variation in RFLP and morphological alleles (Keim et al. 
1988; Palmer and Kilen 1987), which suggests that they also 
might be distant with respect to quantitative traits. 

Genetic markers 

RFLP markers were identified using soybean DNA cloned into 
plasmids (A, BLT, C, K, L, R, or T); using DNA cloned into 
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phage 2 and then subcloned into plasmids; or using DNA cloned 
into phage M-13. Plasmid cloned DNA was obtained as a PstI 
library of soybean genomic DNA (Keim and Shoemaker 1988) 
or, in some cases, as a cDNA library (Kalinski et al. 1990). The 
M-13 library was constructed from a Sau3a digest of genomic 
DNA and was prescreened for single-copy DNA (Apuya et al. 
1988). Probes derived from 2 clones of soybean DNA also have 
been described (Apuya et al. 1988). 

A and K clones were a gift from Dr. R. C. Shoemaker, Iowa 
State University. BLT clones were isolated and identified as 
being polymorphic in Beltsville, Maryland. Clones C, L, R, T, M, 
and G were isolated in Utah. Morphological and biochemical 
markers which were analyzed on F 2 progeny in Iowa have 
already been described in the literature (Palmer and Kilen 1987). 
These include: wj (flower color), I (seed-coat color), Pb (pubes- 
cence tip), Ep (seed-coat peroxidase), and R (hilum color). In 
addition, three isozyme loci were scored using methods de- 
scribed by Cardy and Beversdorf (1984). These include aconitase 
(Aco4), Malic enzyme (ME), and isocitrate dehydrogenase (Idh2). 

Measurement of RFLP markers 

RFLP markers were revealed by hybridizing radioactive cloned 
DNA fragments to restriction fragments of genomic DNA previ- 
ously separated according to size by agarose gel electrophoresis. 
The techniques used have been described in detail elsewhere 
(Sambrook et al. 1989; Roth et al. 1989). In brief, genomic DNA 
was isolated from freeze-dried leaves and digested with restric- 
tion enzymes according to the manufacturers' specifications. 
Fragments were separated by agarose gel electrophoresis. The 
separated fragments were transferred to membranes following 
the method of Southern (1975) and, after linking the DNA to the 
membrane by UV irradiation, the Southern transfers were hy- 
bridized with radioactive DNA. Radioactive DNA probes were 
prepared by labeling inserts from cloned DNA with radioactive 
[32p] by the method of primer extension (Sambrook et al. 1989) 
using a kit from Pharmacia and dCT[32P] obtained from New 
England Nuclear Corporation. 

Polymorphisms were identified by comparing the size of 
radioactive restriction fragments obtained from digested 'Min- 
soy' DNA with fragments from digested 'Noir 1' DNA. 

Segregation of markers 

RFLP markers were scored in Utah against segregating progeny 
using pooled DNA prepared from families of 20 or more F 3 
plants, each derived from a single F a plant. Morphological, 
biochemical, and isozyme markers were scored on F2 plants in 
Iowa. 

Construction of linkage map in Fig. 1 

F 3 families from 69 of the F 2 plants were used for constructing 
the genetic map. The amount of DNA available from 13 of these 
families was limited. These 13 segregants were only scored for 
those markers that appeared to be linked to quantitative trait 

loci (QTL) (see Mansur et al. 1993a) or for distant markers with 
lower log of likelihood (LOD) scores. In all, about one-half of the 
markers were screened against all 69 plants, the rest against only 
56 of the plants. Markers were screened against equal numbers of 
segregating progeny from 'Minsoy' x 'Noir 1' and from 'Noir 1' x 
'Minsoy' crosses. After scoring the segregation of markers, each 
locus was tested for deviation from the expected 1 : 2:1 or 3 : 1 
ratios by a chi-square test. Subsequently, they were analyzed for 
linkage using the "Mapmaker" computer package obtained from 
Dr. E. S. Lander (Lander etal. 1987): loci were grouped at a 
LOD threshold of 3 using tow-point comparisons, ordered using 
'three-point' analyses, and mapped. 

Results 

As a l ready  repor ted  (Apuya  et al. 1988), p o l y m o r p h i -  
sms have been found with a f requency of abou t  one in 
five probes  using r a n d o m  clones of low-copy  genomic 
D N A  as probes.  F o r  those probes  (A or  K) a l ready  
selected to be po lymorph ic  in the G. soja by G. m a x  
cross, the frequency was higher,  a b o u t  one in two. 

One hundred  and  fifty-six marke r s  were analyzed  
for segregat ion among  p rogeny  ob ta ined  by crossing 
'Minsoy '  and  'No i r  1'. These marke r s  included R F L P  
loci co r respond ing  to genomic  D N A  or  c D N A  probes ,  
and  isozyme, morpho log ica l ,  and  b iochemica l  
markers .  Of  these, 132 were p laced  into 31 l inkage 
groups  with a L O D  score of 3 or  greater  (Fig. 1). The 
l inkage groups  in Fig. 1 compr ise  1550cM of the 
soybean  genome. In  all of the l inkage groups  except  3, 
5, 9, and  11 the order  o f loc i  a p p e a r e d  to be unambigu-  
ous. In  l inkage groups  3, 5, 9, and  11 the relat ive orders  
of closely l inked loci (]) r emained  indeterminate .  M a p  
posi t ions  for one of two possible  or ien ta t ions  are 
shown. The order  of marke r s  I and  pT153a in l inkage 
group  3 is consis tent  with da t a  f rom the interspecific, G. 
soja - G. m a x  m a p  (Keim et al. 1989a; Diers  et al. 1992). 
M a r k e r  pBLT24  is pa r t  of a c D N A  clone for thiol-  
p ro tease  (Kal inski  et al. 1990). I t  co-segregated  with 
l inkage group  3 at  a L O D  score greater  than  4. How-  
ever, its pos i t ion  was not  well-defined on the basis of 
l inkage to other  qual i ta t ive  markers .  The o rde r  shown 
in Fig. 1 is consis tent  with a regression analysis  of seed 
oil assuming a single ma jo r  Q T L  for tha t  t ra i t  (Mansu r  

et al. 1993a). 
R F L P  marke r s  co r respond ing  to c D N A  (brackets,  

[ ], in Fig. 1) were l inked with abou t  the same fre- 

Fig. 1. A genetic linkage map derived from an analysis of segregating progeny obtained from a cross between 'Minsoy' (PI 27.890) and 
'Noir 1' (P1290.136). Each linkage group is subdivided into units of 4 cM. Markers are noted on the right, distances between markers on 
the left. See Materials and methods for a description of the probes used to identify RFLP markers and for a description of the isozyme, 
biochemical, or morphological markers. A repeated sequence present in G214 identified fragments (see Fig. 2) found in many different 
linkage groups (*). The enzyme used to produce the fragment is shown (Bcl, Hind, or Taq). Markers identified by cDNA probes are 
enclosed in square brackets. Markers defined by the enzyme BclI are underlined (-). Pairs of markers for which the order is ambiguous 
are denoted by a vertical line (I) 
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quency (8 out of 11) as other markers and were inter- 
spersed throughout the map. 

The RFLP  markers used in this map were detected 
using the enzymes BclI, BglII, DraI, EcoRI, EcoRV, 
HindIII, and TaqI. Among markers which could be 
placed in linkage groups, 14 were detected with BclI 
and 11 of these appeared to be well-separated from the 
96 detected with other enzymes. An additional 5 BclI 
markers remained unlinked in contrast to only 19 
unlinked markers detected with all of the other en- 
zymes. The 14 linked markers detected with BclI were 
located on average 19.5cM from markers detected 
with other enzymes, in contrast to an average separ- 
ation between other linked R F L P  markers of 11.3 cM. 
This broad distribution of BclI markers made this 
enzyme particularly useful for R F L P  mapping in this 
soybean cross. 

An unusual set of RFLP  markers was obtained 
using the probe G214. This probe hybridized to a 

number of restriction fragments that segregated from 
each other (Fig. 2). The map positions of these markers 
have been designated in Fig. 1 by asterisks (*). Almost 
all of these fragments behaved as independent markers 
segregating as alleles in which a fragment was either 
present or absent (not replaced by an allele corre- 
sponding to another fragment). These markers were 
mapped as dominant markers using mapmaker ,  A 
characteristic of these fragments was that most of them 
appeared to hybridize with a similar amount  of radio- 
active probe. As can be seen, most of these markers 
were located at a distance from other linked markers, 
thus extending the linkage map or combining markers 
into a single large linkage group. Unpublished data (C. 
Lark, K. G. Lark and T. Macalma) have related this 
family of markers to an approximately 500-bp region 
of the G214 probe and shown that the co-dominant 
G214 marker  in linkage group 13 is identified by a 
low-copy sequence flanking this 500-bp region. 

Fig. 2. Segregation of restriction fragments corresponding to a repeated sequence identified by the probe G214. DNA was prepared 
from parental 'Minsoy' and 'Noir 1' plants and from segregants from the cross between these two parents. After restriction with the 
enzyme TaqI, a Southern blot was prepared and hybridized with a radioactive G214 probe. Fourteen segregating fragments were 
identified in the autoradiogram. The genetic location of 9 of these fragments are shown in Fig. 1 (* Taq). Similar results were obtained 
with the enzymes HindIII or BclI; and map positions, of an additional 8 fragments determined from autoradiograms using DNA 
digested with either HindIII or BclI are also shown in Fig. 1 (*Bcl or *Hind) 



Discussion 

An intraspecific genetic map for soybean has been 
constructed using cvs 'Minsoy' and 'Noir 1'. The 1550- 
cM map in Fig. 1 comprises 132 genetic markers 
contained in 31 linkage groups. While the map is 
clearly not complete-soybean has 20 chromosomes 
(2n = 40) - it has provided an initial genetic structure 
for the study of QTL that control agronomic traits 
(Mansur et al. 1993a,b). 

As noted, the frequency of polymorphisms was 
much higher using probes already proven to be poly- 
morphic in an interspecific cross between G. max and 
G. soja. It was therefore expected that most of these 
probes would yield linkage groups similar to linkages 
found in that cross. However, this was only true for 7 
linkage groups (1, 2, 3, 4, 6, 7, and 31 in Fig. 1). In all of 
these the order of the markers corresponds although 
linkage distances are different. In other linkage groups 
where the same probes were used in both crosses, 
linked markers in our cross did not correspond with 
any single linkage group in the interspecific cross. This 
could indicate that a given probe identifies different 
polymorphic fragments in the two crosses. 

An interspersed, repeated sequence that hybridized 
with a 500-bp portion of the probe G214 defined 17 loci 
[Fig. 1(*)] with an average contribution of 16 cM per 
locus. Several of these loci were closely linked to each 
other, as seen in linkage groups 1, 20, and 26 (Fig. 1). 
[Another 7 such loci, which were linked more closely 
( < 5 cM) are not shown]. Unpublished data of K. G. 
Lark and C. Lark suggest that the sequence involved is 
a transposable element. It is found in different restric- 
tion fragments in different soybean lines, and it seems 
likely that marker locations also will vary between 
different crosses. For this reason, we have not assigned 
specific names to these markers beyond their associ- 
ation with a specific restriction enzyme (as presented in 
Fig. 1 in relation to the data in Fig. 2). 

Within our cross, however, these markers are 
extremely useful. Recombinant inbred lines (RIL) 
developed from this cross (Mansur et al. 1993b) show 
that these fragments have remained sufficiently stable 
through the Flo generation to be useful in map- 
ping studies across the genome (K. G. Lark, L. M. 
Mansur and J. Orf, unpublished data). For example, a 
QTL for carbon isotope discrimination (Mansur 
et al. 1993a) was defined by the marker G214 (*Taq5), 
and the map position of this RFLP marker has 
remained unchanged in RIL after eight additional 
generations. These markers also should be particu- 
larly useful in structuring the map, i.e., linking 
together clusters of other markers (as in linkage group 
2 in Fig. 1). Finally, the broad distribution of such 
markers over the genome should make them useful 
in analyzing genotypes of backcross progeny to deter- 
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mine which are most like the recurrent parent used in 
the cross. 

The distribution of the repeated element suggests 
that at least two mechanisms may be responsible for 
genetic variation in soybean. In one, sequence changes 
leading to restriction fragment site polymorphisms for 
the enzymes EcoRI, BglII, EcoRV, HindIII or TaqI (but 
not BcII, see below) are clustered in certain regions of 
the genome (one could imagine the modification of 
regions of DNA, possibly by methylation, eventually 
resulting in sequence changes, due perhaps to recom- 
binational events). In the other, sequence changes oc- 
cur adjacent to a repeated sequence, possibly due to the 
insertion or excision of a transposable element. In the 
case of the element studied here, it appears to be pre- 
ferentially located in regions lacking RFLP markers 
detected by enzymes such as EcoRI, HindIII, or TaqI. 
Whatever the mechanism, the complementary location 
of the repeated G214 sequences as opposed to most 
other RFLP markers suggests the possibility of at least 
two structures in the soybean genome that could con- 
trol different types of marker variation. 

The data in Fig. 1 suggest that the polymorphisms 
we have detected with BclI are not compartmentalized. 
We have already noted the distance of many of these 
markers from other RFLP markers. In addition, mar- 
kers determined by BclI are much closer to sites occu- 
pied by the G214 repeated sequence (an average of 
17.4cM as opposed to 31 cM for other markers). The 
small number of BclI markers analyzed here may be 
misleading, and further analysis of more markers in 
this and other crosses will be needed to confirm the 
generality of this phenomenon. However, if confirmed, 
such data suggest that restriction sites may not be 
distributed randomly over the soybean genome. 

We have presented a first version of an intraspecific 
genetic map of soybean. Future comparisons between 
the data from this cross and that from crosses bet- 
ween G. max and G. soja should help to discriminate 
between those components of the soybean genetic map 
that are general and those that are specific to individual 
crosses. The lower frequency of polymorphisms in the 
intraspecific cross has made it more difficult to con- 
struct a genetic map. However, this is offset by the 
advantages that can be derived from its use in the 
genetic analysis of agronomic traits such as yield, plant 
height, and lodging, which are difficult to evaluate 
in interspecific crosses. In subsequent papers, we pres- 
ent a genetic analysis of several important agronomic 
traits and demonstrate that this cross is admirably 
suited to the genetic analysis of quantitative trait loci 
(Mansur et al. 1993a, b). 
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